carbonates from Site 372, Balearic Basin, isotopically reflected changes in salinity and circulation patterns as the basin moved from open marine to conditions of evaporite deposition. The isotopic study of the Lago Mare deposits from two eastern Mediterranean sites showed the non-equivalency of sedimentary developments in two separate basins. Extreme evaporation and unusual stagnant conditions are postulated to have produced the relatively heavy oxygen-18 and carbon-13 ratios found for the dolomitic sediments from Site 374, Ionian Basin. Relatively less severe conditions must have prevailed at Site 376, Antalya Basin, where the influx of continental water was particularly notable in the depleted stable isotope ratios of the predominantly calcitic sediments.
INTRODUCTION
The existence of deep desiccated, inland basins in the upper Miocene Mediterranean was postulated to explain the vast evaporite deposits discovered during DSDP Leg 13 . Stable isotope studies of Messinian carbonates, sampled during Leg 13, had established the importance of a meteoric origin for the waters flowing into these basins (Lloyd and Hsü, 1973; Fontes et al., 1973; and Lawrence, 1973) . With Leg 42A, a further sampling of the Messinian carbonates provided an opportunity to continue the isotopic studies in order to interpret the depositional and diagenetic histories of the desiccated basins. The purpose of this work was to use stable isotope geochemistry to evaluate environmental changes that may have occurred during and after the deposition of the Messinian evaporites.
PROCEDURE
The carbonate samples were washed in distilled water to remove dissolvable salts and heated in a helium stream at 450 °C for 30 minutes to release organic constituents. The samples were then reacted with 100% phosphoric acid according to the standard technique used to obtain CO 2 for mass spectrometric analysis (McCrea, 1950) . X-ray diffraction scans were run on all analyzed samples to determine quantitatively the percent of dolomite present with respect to the total carbonate content. In general, for carbonate mixtures in which the percent dolomite was between 20 and 50%, a chemical separation was undertaken during the phosphoric acid reaction to obtain CO 2 gas from both the calcite and the dolomite fractions (Epstein et al., 1964) . The small particle size (5 to 10µ) was taken into consideration when determining the reaction times for the chemical separation (Walters et al., 1972) .
The isotopic values are reported in Tables 1,2 , and 3. Data listed under bulk carbonate are for analyses made on the total gas evolved during the preparation. Data listed under the columns Calcite and Dolomite are for analyses of the respective gas portions from double extractions made on a single sample. The isotopic results are given in the δ-terminology (%o) relative to the PDB standard. The oxygen-18 ratios for the dolomite analyses have been corrected by a factor of 0.8 7oo (Sharma and Clayton, 1965) . Figure 1 shows the location of the DSDP sites where the analyzed samples were recovered.
DISCUSSION OF RESULTS

Intra-Messinian Carbonates
At Site 372 on the East Menorca Rise, Balearic Basin, the deep sea drilling penetrated a thin wedge of the Messinian upper evaporite unit and recovered carbonate sediments of the intra-Messinian. These sediments represent a time of marine deposition between the lower and upper evaporite units, a time when there was a renewed influx of Atlantic water into the Mediterranean (Hsü et al., this volume). Although over 600 meters of sediment were cored beneath the evaporite, only Sections 1 and 2 of Core 9 are of interest to this study. An unconformity separates the nannofossil marls of the intra-Messinian from the nannofossil marls below (Hsü et al., this volume) . The isotopic content of the carbonates found below Core 9, Section 2 remained constant well into the middle Miocene (McKenzie et al., this volume) . It is in Core 9, Section 2 that isotopic changes indicative of the renewed onset of evaporation are seen.
Moving upward through Core 9, the oxygen-18 content of the carbonate sediments becomes progressively, although only slightly, more positive. See Table 1. The change in the carbon-13 content is more dramatic. Between Samples 372-9-2, 64-65 cm, and 372-9-2, 45-47 cm, there is a significant depletion in carbon-13 by 3.5 %o. This depletion continues to a low δC 13 PDB value of-5.6 %o at Sample 372-9-1, 87-88 cm. The isotopic data suggest that the upper carbonate sediments in Core 9 were formed in a totally or partially closed basin from a reservoir of carbonate ions progressively depleted in carbon-13 and enriched in oxygen-18. The latter enrichment probably reflects an increase in the oxygen-18 content of the basin's water as a result of evaporation. The sharp depletion in carbon-13 ions indicates a significant increase in the amount of carbonate ions having an organic origin. The transfer from an open marine to an evaporating basin may have changed the circulation pattern resulting in euxinic conditions. Increased production of CO 2 from the decomposition of organic material could have occurred in the stagnant layers. Therefore, as the basin approached the evaporitic phase of deposition, the associated carbonate sediments would be depleted in carbon-13 with respect to those from open marine sedimentation.
The sediments of Core 9 were frequently thinly laminated. The isotopic content of the different lamina does not show a consistent pattern of variation. The fact that the isotopic values do vary from layer to layer may indicate frequent alteration in the salinity and redox conditions of the basin prior to the onset of the evaporite deposition.
Lago Mare Carbonates
Near the end of the Messinian salinity crisis, the deep desiccated basins in the eastern Mediterranean were flooded by an influx of water from the Paratethys. The sediments deposited after the inundation belong to the Lago Mare sequence, which spans the transition from the top of the Messinian evaporites to the early Pliocene (Hsü et al., this volume) . Carbonate samples from the Lago Mare sequence of two basins, the Ionian and the Antalya, were available for this isotopic study.
At Site 374 on the Ionian Abyssal Plain, dolomite is the dominant carbonate mineral of the Lago Mare marls. In most samples the dolomite percentage of the total carbonate approaches 100%. The dolomite samples analyzed for this study are of two distinct types. Cores 12 to 19 contain dark grey, dolomitic marlstones often in association with the Messinian gypsum deposits. The dolomite in the marlstones is most likely a primary precipitate or an early diagenetic replacement product. The sediment of Core 11 is a dolomitized, early Pliocene pelagic limestone. This replacement dolomite has an unusual crystal habit. The crystals have a platy structure, which changes gradually towards a more rhombohedral form in the lower part of Core 11, Section 2. The contact between the two dolomite facies has not been sampled but is probably a disconformity rather than a gradual transition. (Bernoulli and Mélières, this volume).
The stable isotopic ratios of the Site 374 dolomites show a large variation, which probably represents changes in the isotopic composition of the Lago Mare waters. The <5O 18 PDB of the dolomitic marlstone ranges from +6.0 to +9.7 %o, while δC 13 PDB ranges from -4.0 to +13.8 7oo. See Table 2 . The high, variable oxygen-18 content is not unusual for dolomite precipitated from evaporated waters. The è>O 18 ratios of the dolomite indicate that the isotopic content of the Lago Mare water had been highly enriched by extreme and repeated evaporation. This enrichment isotopically obscures the meteoric origin of the waters in the Ionian Basin during the Lago Mare deposition.
More unusual than the relatively positive <5O 18 ratios is the variation from negative to positive values in the δC 13 ratios. Such variations, although not frequent, have been recorded elsewhere. Extreme light and heavy carbon-13 contents were found for dolomites within the same outcrops of the Permian Irati Formation, Parana Basin, southern Brazil. The lighter carbon values were associated with a grey, massive dolomite containing small amounts of organic matter, whereas the heavier carbon values were found in a zone containing interbedded, thin layers of organic-rich shale and dolomite (De Giovani et al., 1974) . Another example of unusually heavy carbon-13 values in dolomites with a mean δC 13 PDB of +8.2 ± 2.6 % o was reported for the Precambrian Lomagundi carbonate province, Rhodesia (Schidlowski et al., 1976) . These anomalously high values were found for carbonate samples covering an extensive area. To obtain such an elevated carbon-13 content, it was concluded that the dolomite formed in a closed basin under stagnant or evaporitic conditions in which the carbon-13 content had been substantially increased through the preferential removal of carbon-12 into sedimentary organics.
A second explanation for dolomites with variable heavy carbon and relatively constant heavy oxygen was presented by Murata et al. (1969) The isotopic values of the samples from Core 11 and Sidewall Core (SW) 25 are for the diagenetic, platy dolomite. They are not particularly unusual values for a deep-sea dolomite, although the carbon-13 content indicates a partial biogenic origin of CO 2 (Fontes and Desforges, 1975) . On the other hand, the isotopic ratios of Sample 374-11-2, 90-92 cm, make its positioning uncertain as it appears to resemble more the Messinian dolomites. Perhaps, this sample represents a boundary between diagenetic solutions originating in the stagnant, evaporitic basin and in an open marine environment. The increasing rhombohedral nature of the dolomites in the lower part of Core 11, Section 2 may also be another result of formation from a different solution. The analysis of more samples is required to obtain a better understanding of what transpired.
The stable isotope ratios of the Sidewall Core 26 carbonates indicate a return to normal marine conditions.
At Site 376 on the Florence Rise, Antalya Basin, the Lago Mare sediments are nannofossil marlstones sometimes dolomitic but mainly calcitic. Significant amounts of dolomite are found only in the upper cores approaching the Miocene/Pliocene boundary. Negative values were found for the oxygen and carbon isotopic ratios of the calcite samples. See Table 3 . Even the calcite intercalcated with the gypsum sequence (Sample 376-17-1, 50-51 cm) had negative ratios. The dolomite samples from Cores 7 to 9 also had negative <5C 13 ratios and rather low but positive δθ 18 ratios. All of these isotopic values are indicative of a significant influx of continental water into the Messinian basin. Once in the basin, the water surely experienced evaporation, which increased its oxygen-18 content. The carbonate sediments were precipitated from a brackish meteoric water. The variability of the <5O 18 ratios probably represents fluctuations in the amount of fresh water input versus evaporation. It may also represent slight changes in the temperature of the water. A study of west Texas lake carbonates from the Pliocene revealed a similar, rapid variability in their isotopic composition (Parry et al., 1970) . It was concluded that this variation resulted from the isotopic alteration of the lake water under extreme climatic conditions. The slightly negative and variable δC 13 PDB values for the Lago Mare carbonates reflect a terrestrial input of carbonate ions or organic decomposition within the basin.
The isotopic data for the Site 376 Lago Mare sediments is in agreement with the paleontological studies, which indicate the existence of a shallow euryhaline environment at this site during the late Miocene (Site 376 Summary, this volume). For comparison, it is interesting to note that stable isotopic values for the carbonate sediments associated with late Miocene evaporites in the Red Sea are likewise negative (Supko et al., 1974) . In fact, the isotopic ratios of the Red Sea carbonates are more depleted than those from the Antalya Basin. The authors propose that these negative values are the result of fresh water influxes into the evaporatic basin, which lowered the δθ 18 ratio of the water. Perhaps, then, the Red Sea carbonate sediments are synchronous to the Lago Mare deposits of the eastern Mediterranean. The confused nature of the isotopic values at the Miocene/Pliocene boundary (Sample 376-7-1, 40-41 cm to 376-6-4, 30-31 cm) reflects the greatly disturbed nature of Core 6, Section 4, where Pliocene marls were found under the Miocene. This has been explained by both downslope slumping and downhole contamination (Site 376 Summary, this volume). Therefore, the isotopic results are inconclusive due to the possible mixing that may have occurred.
CONCLUSIONS
The carbonate sediments analyzed in this study were from two different intervals of the Messinian salinity crisis. The stable isotopic analyses of these samples produced general information concerning the environment of deposition during these intervals.
The first sequence of sediments investigated were deposited during the intra-Messinian interval, the period in which marine sedimentation occurred between the upper and lower evaporite units (Hsü et al., this volume). The analyzed samples were nannofossil marls from Site 372, Balearic Basin. They showed a gradual increase in δθ 18 PDB from +0.5 to +2.0 %o with a more dramatic decrease in δC 13 PDB from -0.2 to -5.6 %o. These isotopic variations were interpreted as indicators of changes in the aqueous environments prior to renewed evaporite deposition, i.e., increased salinity accompanied by reduced circulation and stagnation within the basin.
The second interval studied pertained to the Lago Mare deposits from the eastern Mediterranean. These are transitional sediments which span the time interval from the top of the Messinian evaporites to the early Pliocene (Hsü et al., this volume) . This transition was studied isotopically in a sequence of carbonate samples from two eastern Mediterranean basins. The sedimentary developments in the basins were not identical. The Lago Mare transition was marked in individual basins by differing environments.
In the Ionian Basin, Site 374, the deeper of the two studied, the Lago Mare was a stagnant body of water from which dolomite appears to have either precipitated or been an early diagenetic replacement product. Quite possibly, the water in this basin had a meteoric origin, but with extreme and repeated evaporation its isotopic content became highly enriched. The dolomite had very enriched δθ 18 PDB ratios ranging from + 6 to + 10 7oo. The accompanying salinity stratification and stagnation produced unusual conditions, which were reflected in an alteration of the carbon isotopic ratios in the carbonate ions. The carbonate of lower cores was depleted in carbon-13 at a δC 13 PDB ratio of -4 %o. Carbonate in subsequent cores was highly enriched in carbon-13, as great as a δC 13 PDB ratio of +14 %><,. This carbon-13 enrichment may be related to extensive organic sedimentation in a closed, stagnant basin.
The Lago Mare in the Antalya Basin, Site 376, was a shallow, brackish water body conducive to the support of euryhaline fauna. Calcium carbonate was the dominant carbonate mineral with isotopic ratios ranging from -4 to 0 %o for δθ 18 PDB and -3.5 to 0 %o for δC 13 PDB . Under these less severe conditions the stable isotopic compositions of the carbonates reflect the continental origin of the water and a terrestrial input or biogenic origin for a portion of the carbonate ions.
